Objective. To examine the longterm effectiveness and safety of adalimumab in patients with longstanding rheumatoid arthritis (RA) and an inadequate response to methotrexate (MTX), and to assess the effect of a 1-year delay in initiation of combination therapy. Methods. DE019 was a 1-year randomized controlled trial (RCT) in which patients received adalimumab 20 mg weekly, adalimumab 40 mg every other week (eow), or placebo; all received concomitant MTX. Patients completing the RCT could receive open-label adalimumab 40 mg eow + MTX for an additional 9 years. Clinical, functional, and radiographic outcomes were assessed using composite measures of disease activity (e.g., American College of Rheumatology responses, 28-joint Disease Activity Score with C-reactive protein, Simplified Disease Activity Index), Health Assessment Questionnaire-Disability Index, and the modified total Sharp score (mTSS), respectively.
first-line disease-modifying antirheumatic drug (DMARD) to treat active RA 1, 2, 3 . Randomized controlled clinical trials have established that the addition of anti-tumor necrosis factor (TNF) agents to MTX therapy in patients with an inadequate response to MTX results in significant improvements in clinical, radiographic, and functional outcomes 4, 5, 6, 7, 8, 9, 10, 11 . Current recommendations for patients with poor prognostic factors suggest treatment with MTX for 3 to 6 months before considering the addition of biologic DMARD therapy 12 , but some rheumatologists continue MTX for longer periods before considering the addition of biologic therapy 13, 14 . For patients early in the course of disease (< 3 years' duration), there may be a window of opportunity (estimated to be at least 6 months) during which the timely addition of anti-TNF therapy to MTX-inadequate responders can result in optimal therapeutic responses 15 . However, a 2-year delay appears to exceed this window, resulting in an inability to improve outcomes 16 . Whether such an opportunity exists for patients with more established disease remains unclear.
Our analysis describes the final 10-year clinical, functional, and radiographic outcomes for patients with longstanding, active RA and an inadequate response to MTX who received up to 10 years of combination therapy with adalimumab + MTX. We discuss the longterm effect of a 1-year delay in the addition of adalimumab to existing MTX therapy, and we present the overall safety profile following up to 10 years of exposure to adalimumab + MTX.
MATERIALS AND METHODS
Study design and patients. The methodology and primary results for the 1-year, double-blind phase of DE019, a randomized, placebo-controlled trial of adalimumab in patients with moderate to severe RA who demonstrated an inadequate response to MTX, have been published 6 , as have results from the first 4 years of the open-label extension 17 . The study protocol and informed consent forms were approved by the local institutional review boards (USA) or research committees (Canada) at each participating site. The study was conducted in accord with the principles of the Declaration of Helsinki and Good Clinical Practice.
Enrolled patients were adults ≥ 18 years of age with a diagnosis of moderate to severely active RA (1987 revised criteria) despite at least 3 months' treatment with MTX (12.5-25 mg/week). They also met the following key inclusion criteria: tender joint count ≥ 9 out of 68 assessed (TJC68), swollen joint count ≥ 6 out of 66 assessed (SJC66), C-reactive protein (CRP) ≥ 1.0 mg/dl, and positive for rheumatoid factor or at least 1 bony erosion. Patients were excluded from entry to the study if they had a history of human immunodeficiency virus or active infection with listeria or tuberculosis (TB), any ongoing chronic or active infection requiring hospitalization, treatment with intravenous antibiotics within 30 days or oral antibiotics within 14 days prior to the screening visit, joint surgery in the assessed joints within 2 months prior to screening, treatment with a biologic or other investigational drug within 30 days or 5 half-lives of the agent prior to screening evaluation, treatment with any anti-TNF agent, or history of lymphoma, leukemia or any other malignancy in the past 5 years, with the exception of successfully treated nonmetastatic basal cell or squamous cell carcinomas of the skin and/or localized carcinoma in situ of the cervix 6 .
Patients were randomized 1:1:1 to receive subcutaneous doses of adali- Safety. Treatment-emergent adverse events (TEAE) were defined as any adverse event (AE) with an onset on or after the date of first adalimumab injection through 70 days after the last adalimumab injection. AE were coded using the Medical Dictionary for Drug Regulatory Affairs (MedDRA) system organ class and MedDRA-preferred terms (version 13.1). AE were assessed throughout the study and summarized for all patients exposed to adalimumab as both the number and percentage of patients affected and the number of events per 100 patient-years (E/100-PY) of adalimumab exposure. Severe and serious AE, including serious infections, malignancies, TB, and death, were summarized. Any TEAE leading to study discontinuation was also summarized.
Statistical analyses. This posthoc analysis evaluated the longterm effectiveness and safety of adalimumab + MTX using data as observed (i.e., all patients with data at a given visit were included with no imputation for missing values). Effectiveness measures were analyzed overall as well as by initial treatment assignment to evaluate the clinical, functional, and radiographic effect of a 1-year delay in the addition of adalimumab to MTX monotherapy. In this analysis, patients who received 1 year of placebo + MTX before entering the open-label extension are referred to as the "delayed combination therapy group," and patients who received adalimumab + MTX throughout the study are referred to as the "initial combination therapy group." Differences in response rates as well as clinical and functional outcomes between the initial and delayed combination therapy groups were assessed through generalized estimating equations, which analyzed the repeated responses at Years 1-10. Area under the curve (AUC) analyses were used to assess cumulative differences in DAS28-CRP and HAQ-DI between the initial and delayed combination therapy groups over the 10-year period. Radiographic progression was assessed in patients with mTSS assessments available at baseline and Year 10 (or at early termination, if occurring after Year 9). Differences in mean ∆mTSS between treatment groups were assessed using a constrained longitudinal data analysis 19 , which adjusts for the observed baseline difference in estimating treatment effects. Observed changes in mTSS were plotted as cumulative probabilities both for the entire 10-year period (from baseline) and for the
9-year open-label period (from Year 1). A Kolmogorov-Smirnov test was used to assess the equality of the cumulative distribution functions. A standardized mortality ratio (SMR) was calculated and defined as the ratio of observed deaths to expected deaths based on World Health Organization age-, sex-, and country-specific mortality tables (years 1997-2006).
RESULTS

Patients.
Of the 619 patients randomized, 202 (32.6%, including 66, 80, and 56 from the initial adalimumab 20 mg weekly + MTX, adalimumab 40 mg eow + MTX, and placebo + MTX groups, respectively) completed 10 years of therapy and had available study data ( Figure 1 ); a total of 203 patients (191 Year 10 completers + 12 early terminators) with mTSS data available at baseline and beyond Year 9 were considered to be radiographic completers. The development of AE was the primary reason for early discontinuation, accounting for 22.5% of enrolled patients, although most AE were not serious and 38.1% (n/N = 53/139) occurred during the 1-year double-blind period. Numerically greater proportions of patients from the initial placebo + MTX group (n/N = 31/200, 23 of whom discontinued during the double-blind period) discontinued owing to lack of efficacy than from either adalimumab + MTX group (n/N = 16/212 and 17/207 for the adalimumab 20 mg weekly and adalimumab 40 mg eow groups, respectively). Baseline demographic and disease characteristics for the 10-year radiographic completers were typical of a population with longstanding RA: most patients were female, with a mean age of 54 years, mean disease duration 11 years, mean DAS28-CRP 5.6. They had accrued significant amounts of radiographic damage (mean mTSS was 51), with low function (mean HAQ-DI was 1.4; Table 1 ). Baseline characteristics for all randomized patients (n = 619) and patients who received at least 1 injection of adalimumab during blinded or open-label therapy (n = 553; safety population) have been described 6, 17 . Characteristics were generally similar between the 10-year radiographic completers and the overall intent-to-treat population, with the exception that the radiographic completers appeared to represent a younger subset of the overall randomized population.
Overall longterm effectiveness. Following up to 10 Nearly half of the 10-year radiographic completers (44.8%) had undetectable radiographic progression following up to 10 years of adalimumab + MTX therapy. Comprehensive disease control (DAS28-CRP < 3.2 + HAQ-DI < 0.5 + ∆mTSS ≤ 0.5) was achieved by 21.2% of patients. This number decreased only slightly to 20.2% when remission (DAS28-CRP < 2.6) was substituted for the clinical component, suggesting that disease activity state did not necessarily limit a patient's ability to achieve comprehensive disease control. Further, substantial proportions of patients were able to reduce or eliminate MTX and/or oral corticosteroid use (MTX: 33.2% and 9.4% reduced and eliminated, respectively; oral corticosteroid: 13.7% and 62.9% reduced and eliminated, respectively), while retaining comparable longterm clinical outcomes (data not shown).
Effect of delayed treatment with adalimumab + MTX.
Patients randomized to the placebo + MTX group received adalimumab only after entering into the open-label extension, resulting in a 1-year delay of combination therapy. The delayed combination therapy group enabled a comparison of longterm outcomes with patients who received adalimumab + MTX from the start of the study (the initial combination therapy group). Because the longterm effectiveness outcomes were largely comparable between the adalimumab 20 mg weekly + MTX and adalimumab 40 mg eow + MTX populations (Figures 2A, 2B , and 2C), only the adalimumab 40 mg eow + MTX population (the initial combination therapy group) was used for comparison to the placebo + MTX population (the delayed combination therapy group). The significant clinical and functional differences observed at a mean level at Year 1 in the randomized population [DAS28-CRP = 3.4 and 4.5 and HAQ-DI = 0.8 and 1.1 (both p < 0.001), for the initial and delayed combination therapy groups, respectively] were largely resolved following an additional 9 years of open-label adalimumab + MTX treatment [DAS28-CRP = 2.4 and 2.7 (p = 0.15); HAQ-DI = 0.7 and 0.8 (p = 0.33) for initial and delayed combination therapy groups, respectively]. However, cumulative disease activity and functional impairment, as measured by DAS28-CRP and HAQ-DI, respectively, over the 10-year period, were greater in patients receiving delayed versus initial combination therapy [DAS28-CRP: mean AUC = 1648 vs 1439 (p = 0.007); HAQ-DI: mean AUC = 419 vs 321 (p = 0.06)]. 1490 The Journal of Rheumatology 2013; 40:9; doi:10.3899/jrheum.120964
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2013. All rights reserved. Similarly, statistically greater ACR50, ACR70, and ACR90 response rates were seen in patients who received initial combination therapy compared with patients in whom combination therapy was delayed for 1 year ( Figure 3A) . Interestingly, statistically greater numbers of swollen and/or tender joints persisted through 10 years of therapy in the delayed combination therapy group ( Figure 3B) , perhaps explaining the lower ACR50/70/90 responses over time. The proportions of patients achieving DAS28-CRP LDA, DAS28-CRP remission, and SDAI remission were maintained through 10 years in both groups; however, with the exception of SDAI remission, patients in the delayed combination therapy group did not achieve these disease activity outcomes in the same proportions as patients who received adalimumab + MTX from the start of the study (Figure 3C) . At Year 10, 46% of patients in the initial combination therapy group and 33% of patients in the delayed combination therapy group met the HAQ-DI < 0.5 criterion, although the curves over time were not significantly different (p = 0.14; Figure 3D ). Differences between initial and delayed combination therapy groups were also apparent in the pain and patient global assessments, but the physician global assessment and CRP measurements were comparable over the 10-year period ( Figures 4A, 4B, 4C, and 4D) .
The percentages of patients with radiographic nonprogression (∆mTSS ≤ 0.5) at Year 1 were significantly greater for patients who received initial combination therapy (83%; 67/81 patients) compared with those who received delayed combination therapy (46%; 25/54 patients; p < 0.001). At Year 10 (following 9 years of open-label adalimumab + MTX treatment for all patients), the percentages of patients with radiographic nonprogression were no longer statistically different [51% (40/79 patients) for initial combination therapy vs 39% (21/54 patients) for delayed combination therapy (p = 0.18)], with comparable proportions having radiographic nonprogression in both groups (roughly 50%) during the open-label period. Similar results were observed for the percentages of patients with minimal radiographic progression [∆mTSS ≤ 5 over 10 years: 77% vs 65% for initial and delayed combination therapy groups, respectively (p = 0.12)]. Still, the initial combination therapy group had significantly lower mean ∆mTSS compared with the delayed combination therapy group following 10 years of treatment [mean ∆mTSS (mTSS) = 0.7 (53.6) vs 6.2 (51.2); p = 0.002; Figure 5A ], a result that was driven by the extent of damage accrued during the randomized portion of the study [i.e., Year 1; mean ∆mTSS (mTSS) = -1.3 (51.7) vs 1.9 (46.8); p < 0.001] and the higher residual number of swollen joints observed in the delayed combination therapy group. When the 9-year open-label period was analyzed as a separate treatment period (i.e., when the "baseline" mTSS score was set to the mTSS value at Year 1 for each group), the difference in radiographic change over 9 years of open-label adalimumab + MTX therapy was no longer significant. However, radiographic progression remained numerically lower for the initial combination therapy group [mean ∆mTSS = 2.0 vs 4.3 for the initial and delayed combination therapy groups, respectively (p = 0.22)]. Similarly, when the mTSS scores at study start and Year 1 were used as baselines for the initial and delayed combi-nation therapy groups, respectively, there were no differences in the yearly progression rate (p = 0.19).
Among patients who experienced radiographic progression (∆mTSS > 0.5) during the 10-year study, those who received initial combination therapy appeared to have less structural damage at Year 10 than those who received delayed combination therapy ( Figure 5B) . This difference appeared to persist even when only the 9-year open-label period was considered, although the cumulative distribution of patients in the initial and delayed combination therapy groups during this timeframe did not differ statistically (p = 0.95; Figure 5C ). Irrespective of original treatment group, it was the joint space narrowing (JSN) component of the mTSS that appeared to drive the mean radiographic progression ( Figure 5D) . At Year 10, significantly more patients in the initial combination therapy group achieved comprehensive disease control compared with patients who began combination therapy after a 1-year delay, regardless of whether the clinical target was DAS28-CRP LDA or remission ( Figure  6 ). Significant differences also were observed when minimal radiographic progression (∆mTSS ≤ 5/10 yrs) replaced the radiographic criterion in defining comprehensive disease control (data not shown). Longterm safety. Cumulatively, there were 553 patients in DE019 who received at least 1 injection of adalimumab, with a mean exposure of 5.6 years, totaling 3089 patient-years of drug exposure. Overall, the safety profile was consistent with that observed during the 1-year randomized trial 6 , as well as with other trials of adalimumab in RA (Table 2 ). During this longterm study, the majority of patients exposed to adalimumab (96.9%) experienced 1 or more AE. The most frequently reported AE were upper respiratory tract infection, sinusitis, arthralgia, urinary tract infection, nasopharyngitis, hypertension, and bronchitis. Over the 10-year period, serious infections occurred at a rate of 4.3E/100-PY (n = 85 patients), with pneumonia, cellulitis, lobar pneumonia, and bronchitis representing the most frequently reported. A total of 4 patients experienced fatal serious infections, with a mean age at infection onset of 76.6 years. These included a case of urosepsis, which occurred in a 77-year-old woman about 66 days after the last adalimumab 1494 The Another 8 patients presented with opportunistic infections (0.3E/100-PY). They were oral fungal infection (n = 5 patients), fungaemia (n = 1 patient), disseminated histoplasmosis (n = 1 patient), and mycobacterium avium complex infection (n = 1 patient). There were 2 cases of TB (< 0.1E/100-PY). Both patients with TB had normal chest radiographs and were purified protein derivative-negative at screening. Malignancies, excluding nonmelanoma skin cancer and lymphoma, occurred at a rate of 1.1E/100-PY (n = 30 patients), of which breast cancer was the most frequently reported (0.2E/100-PY, n = 6 patients). A total of 5 patients reported lymphoma (0.2E/100-PY), 2 patients had demyelinating disease (multiple sclerosis), and 2 patients had systemic lupus erythematosus-like syndrome.
There were 24 deaths during this 10-year study (18 were defined as a TEAE), 20 of which occurred during the 9-year open-label extension period. The treatment-emergent deaths not related to a serious infection included 3 cancers (metastatic gastric cancer, B-cell lymphoma, metastatic non-small cell lung cancer), 3 respiratory system events (2 pulmonary embolism, 1 interstitial lung disease), 2 injuries (head injury, multiple fractures), 2 cardiovascular events (acute myocardial infarction, cardiac arrest), and 4 other events (chemical poisoning, sudden death, death of unknown origin, intestinal infarction). The SMR was 0.77 (95% CI 0.52, 1.10), indicating that longterm exposure to adalimumab + MTX was not associated with an increase in mortality in this population.
DISCUSSION
The current treatment pattern for the effective management of RA is to treat aggressively until a sustained target of remission or at least LDA is achieved 20 . In many patients, particularly those with an inadequate response to DMARD therapy, target attainment will require supplemental therapy with a biologic DMARD, such as an anti-TNF agent. Although therapy may be successfully withdrawn in some patients with early RA who achieve an LDA state 21, 22 , patients with longstanding RA will likely require longterm therapy. Longterm observations are therefore necessary to fully understand a particular treatment's benefit-risk profile. In this 9-year open-label extension of the 1-year randomized, controlled trial, DE019, we evaluated the effectiveness and safety of longterm therapy with adalimumab + MTX in patients with longstanding disease and an inadequate response to MTX. Treatment with the combination of adalimumab + MTX led to high proportions of patients experiencing effective disease control and a safety profile that was consistent with the known profile of adalimumab therapy. Further, although the delayed combination therapy group (i.e., patients randomized to placebo + MTX during the controlled trial) maintained their clinical responses through up to 9 years of subsequent combination therapy, longitudinal results showed a consistent pattern of higher responses in patients treated with adalimumab + MTX from the beginning of the study, suggesting that a window of opportunity for response to treatment exists even in an RA population with established disease.
Current recommendations for the treatment of RA state that remission is the primary goal 20 , and that LDA is an acceptable target for patients with longstanding disease who are refractory to treatment. Although patients enrolled in our study had extensive baseline joint damage, owing to the long duration of active disease and an inadequate response to standard DMARD therapy, nearly 60% of patients who completed 10 years of treatment achieved DAS28-CRP remission, with about one-third of 10-year completers fulfilling the more stringent SDAI remission criteria. Thus, clinical remission remains a possibility even for patients in this treatment-refractory population. Moreover, patients completing 10 years of treatment achieved excellent functional and radiographic outcomes, and about one-fifth achieved comprehensive disease control (which required combined attainment of clinical remission, normal physical functionality, and radiographic nonprogression).
Although the addition of adalimumab to MTX-inade- 
